Abstract: Condition factor and organosomatic indices of fish represent a way of monitoring environmental factor influence on fish. The rainbow trout (Oncorhynchus mykiss, Wal.) individuals that were used in the work originated from different brood stock and different fish farms. Spawning was carried out on five selected fish farms. After that, the breeding eggs were delivered in Klasnik hatchery where the same environmental conditions were provided during embryonic development and cultivation of all five groups of individuals. As a conditioning factor in this work Fulton's condition factor and coefficients of the heart, liver and spleen were analyzed. In all individuals we determined the total length, standard length and body mass. In total, fifty individuals, which were divided into five groups form five brood stock, were analyzed. The results show significantly different values for the condition factor and organosomatic indices between some of the analyzed groups.
Introduction
Condition factor and organosomatic indices are usually used in assessing the general health of the fish, on individual and population level (Hoque et al., 1998) . Since they include many levels of processes in the organism at various levels of organization, indices like Fulton's condition factor can indicate nutritional status of individuals and the general health status of fish (Adams et al., 1992) .
The condition factor presents a degree of individual's response to the influences coming from the environment such as the quantity and quality of nutrients, the presence of pathogens, pollutants and toxic substances, which can result in a change in the mass of individuals and organs compared to individuals from the unchanged environment. The value of condition factor is an expression of the physical condition of the fish and it is suitable for comparison of individuals of the same species and demonstrates differences in relation to sex, season and place of sampling (Dekić, 2010) .
Organosomatic indices can be described as the ratios of organs to body weight when the measured organ in relation to body mass can be directly linked to some environmental changes (Ronald and Bruce, 1990) . It is manifested through changes in size that are reflected through a reduction or increase, influenced by environmental factors. Size and weight of the liver, spleen, heart, gonads and other organs are related to the overall length and weight of fish and indicate the general status of health of the fish. The aim of this research was to determine the values of condition factor and organosomatic indices at five groups of rainbow trout from different brood stock and to estimate their shape and health status.
Materials and Methods
The rainbow trout (Oncorhynchus mykiss, Wal.) individuals that were used in the work originated from different brood stock and different fish farms. Spawning was carried out on five selected fish farms. After that, the breeding eggs were delivered in Klasnik hatchery where the same environmental conditions during embryonic development and cultivation of all five groups of individuals were provided. Spawning of rainbow trout from five investigated groups was conducted from November 21, 2011 to December 13, 2011. As a conditioning factor in this work Fulton´s condition factor and coefficients of the heart, liver and spleen were analyzed. In all individuals total lenght, standard lenght and body mass were determined. In total, fifty individuals, which were divided into five groups form five brood stocks, were analyzed.
Fulton's condition factor (K) were calculated by using the formula: K= W*100/L 3 , where: W -weight of the fish (g), L -standard length of the fish (cm) (Akombo et al., 2013) .
After that, the liver, spleen and heart were carefully removed and weighed. Organosomatic indices for liver (HSI), heart (CSI) and spleen (SSI) were calculated as follows: Statistical analyses were obtained by using SPSS 15, and ANOVA and LSD test for data comparation (p < 0.05).
Results and Discussion
Comparing the average values for standard and total body length of rainbow trout from different fish farms, no significant differences were observed. Values for body mass showed significant difference between first and second group (p=0.027) and there were significant differences for Fulton's condition factor by comparing fifth with the first and the third group (p = 0.030; p = 0.042).
In regards with the coefficients of organs, we observed higher differences between groups. There were significant differences for CSI by comparing the fifth group with the second and the third groups (p = 0.038; p = 0.019), and for HSI, when we compared the first with the second (p = 0.023), third (p = 0.026), fourth (p = 0.016) and fifth groups (p = 0.008).
Spleen somatic index showed the highest differences compared in groups; significant differences were noticed between the first and fourth groups (p = 0.034), second and third (p = 0.006), third and fourth (p = 0.003) and between third and fifth group (p = 0.010).
Analysing the results of examined parameters, it can be said that the individuals in the first group had the highest values of total length, standard length, body mass, and Fulton's coefficient, whereby it is necessary to emphasize that the individuals of this experimental group were spawned a few days earlier than other groups. In contrast with the morphometric characteristics and condition factor, individuals from the third experimental group had the highest index values of organosomatic indices.
Values of examined parameters of rainbow trout are given in Table 1 . Cardio somatic index (CSI) in the examined groups of rainbow trout originate from different brood stock and indicate the existence of significant differences when compared in groups, with the highest values among individuals from the third group. The values of the CSI can indicate various changes in the organism under the influence of abiotic and biotic factors.
It was found that the CSI values get lower in the individuals whose embryos were exposed to higher temperatures as compared to specimen whose embryos were exposed to lower temperatures. Temperature affects the myogenesis process, organelle structure, gene expression, size of distribution of muscle fibers, diameter of muscle fibers and heart development (Johnston, 2006) . Stickland et al. (1988) are during experiments on Salmo salar and Salmo trutta embryos incubated on high temperatures notice significant reduction of muscle fibers than those, which were incubated at low temperatures. Heart abnormalities were observed in cultivated individuals compared to individuals that are sampled from natural habitats (Poppe and Seierstad, 2003) .
In addition, values of CSI for Oncorhynchus mykiss infected with parasite Ichthyophonus were significantly higher. Because of the experiment, it was determined that heart mass and CSI of the infected fish were significantly higher than in individuals from the control group (for approximately 40 %). Increased mass of the heart can be explained with the parasite biomass, infiltration of immune cells and fibrous tissue surrounding the parasite and any of these events may compromise the heart's function, for example, reduction in cardiac capacity (Guyton, 1961) .
Similar to the CSI, HSI showed significant differences in our research (between investigated groups), with the largest value in the third group. The liver coefficient (HSI) is a good indicator of the energy status and fish in poor habitat conditions have lower values of this index than fish species that inhabit the food rich habitats. Coefficient of the liver is considerably lower in fish exposed to toxic substances, such as cadmium, and zinc.
HSI of bony fish varied in the range from 1 to 2 %, and it was characteristic for the particular species, but within the same species it depended on the physiological and health status of fish, as well as their condition (Oguri, 1978) . The values obtained by this research are in the range from 1 to 2%, with the exception of individuals from the third group, where average value was 2,498%. The liver is an energy reservoir and plays a significant role in the metabolism. The changes in its size and weight are directly related to the stressors that come from the environment. Considering all organosomatic indices, HSI is most often associated with exposure to contamination (Adams and McLean, 1985) . HSI values vary with season (Sabrowski and Buchholz, 1996; Beamish et al., 1996) , and on its relative size directly affects the quality and quantity of nutrients (Foster et al., 1993) . HSI also varies depending on the gender and stage of gonads development (Fabacher and Baumann, 1985; Forlin and Haux, 1990) .
Increased values of HSI and liver in general are noticed for Oncorhynchus mykiss (Oikari and Nakari, 1982 ) which were exposed contaminants from oil spills. Anderson et al. (1988) have suggested that the increased HSI is a result of increased production of the endoplasmic reticulum and increasing of protein synthesis under the influence of contaminants. This condition is associated with hypertrophy of the hepatocytes and hyperplasia due to the presence of contaminants (Elskus and Stegeman, 1989) . The HSI in our research showed significant differences of the respective groups, and the highest value of this ratio was in the third group.
Spleen has an important hematopoietic function in a vertebrate and because of that SSI is a good indicator of the state of activity of the immune system and the occurrence and intensity of infection and disease. Increased values of SSI indicate a bacterial or parasitic infection, while lower values indicate a complete absence or a mild infection and suggest a good general state of health of fish. The spleen somatic index is used as a reliable diagnostic tool because of its hematopoietic function (Anderson, 1990) , and its dysfunction can lead to the changes in the level of the entire organism.
Different endogenous and exogenous factors have impact on SSI; it can vary depending on the taxonomic status of the species (Anderson et al., 1982; Ruklov, 1979) and within the same population (Ruklov, 1979) . The relative size of the spleen may vary depending on fish sex, age, size, stage of development of the gonads and the growth (Ruklov, 1979) . Nonspecific stressors, e.g. hypoxia may affect changes in the morphology of the spleen. Hypoxia is very common in the aquatic environment, and impact of moderate and acute hypoxia was studied with the rainbow trout, Oncorhynchus mykiss, which results with the contracted spleen (Yamamoto, 1987; Randall and Perry, 1992) . In addition, if hypoxia takes a long time, it leads to the increase in number of erythrocytes, which is explained, with increased concentration of erythropoietin. Changes in the size of the spleen may be a sign of dysfunction that affects the general health of the individual. Reduction of the size of the spleen can be in connection with acute nonspecific stressors, as well as with a number of chronic exposures to chemical contaminants, which are responsible for the necrosis and changes in cellular processes (Yamamoto, 1987; Randall and Perry, 1992) .
Conclusion
All experimental groups of rainbow trout have the same environmental conditions during the embryonic development and growing. Values of total and standard body length did not show any significant differences for all experimental groups but other investigated parameters showed statistically significant differences. Considering that all individuals were under the same conditions and the same treatment, the observed differences can be explained with conditions on the fish farms and different brood stock.
Koeficijent kondicije i organosomatički indeksi dužičaste pastrmke (Oncorhynchus mykiss, Wal.) iz različitih matičnih jata Radoslav Dekić, Nebojša Savić, Maja Manojlović, Dragojla Golub, Jerko Pavličević Rezime Koeficijent kondicije i organosomatski indeksi riba predstavljaju jedan od načina praćenja uticaja faktora spoljašnje sredine na ribe. Jedinke dužičaste pastrmke (Oncorhynchus mykiss, Wal.) koje su korišćene u radu poreklom su od različitih matičnih jata, sa različitih ribogojilišta. Mrest je obavljen na pet izabranih ribogojilišta, nakon čega je oplođena ikra dopremljena u mrestilište Klašnik gde su obezbeđeni isti uslovi sredine tokom embrionalnog razvoja i gajenja za svih pet grupa jedinki. U radu je kao kondicioni faktor analiziran Fultonov koeficijent uhranjenosti, te koeficijenti srca, jetre i slezine. Kod svih jedinki određene su vrednosti totalne dužine, standardne dužine i mase tela. Ukupno je analizirano 50 jedinki iz pet grupa, odnosno matičnih jata. Rezultati pokazuju postojanje razlika u vrednostima praćenih koeficijenata između pojedinih analiziranih grupa.
